1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

> " NIH Public Access
@@‘ Author Manuscript

2 HEpst

NATIG,

O

Published in final edited form as:
JAMA. 2011 September 21; 306(11): 1252—-1253. doi:10.1001/jama.2011.1343.

Evolving research and stakeholder perspectives on
pharmacogenomics

Amber L. Beitelshees, PharmD, MPH and David L. Veenstra, PharmD, PhD

University of Maryland School of Medicine, Department of Medicine, Division of Endocrinology,
Diabetes and Nutrition, Baltimore, MD (Dr. Beitelshees); University of Washington, Department of
Pharmacy, Pharmaceutical Outcomes Research and Policy Program, Seattle, WA (Dr. Veenstra)

Keywords
pharmacogenomics; stakeholders; healthcare system

The past decade has been atime of important change in pharmacogenomics. Thereisan
increasingly clear understanding of the relationship between genetic variation and drug
response, low-cost testing technologies are becoming available, and pharmacogenomicsis
playing an increasing role in drug development. Key stakeholdersin the U.S. healthcare
system are responding to these changes in various fashions. In this commentary, we provide
abrief overview of these developments.

Academic research

Academic researchers are pursuing innovative approaches to discover novel
pharmacogenomic variants, evaluating their potential clinical use, and addressing barriersto
implementation in medical practice. For example, researchers are conducting collaborative
genome-wide association studies (GWAS) to identify novel ‘druggable’ targets for further
development by the pharmaceutical industry, and evaluating the comparative effectiveness
of pharmacogenomic testing in multi-center randomized controlled trials (RCTs) for both
warfarin and clopidogrel therapy. The Pharmacogenomics Research Network (PGRN) is
facilitating the incorporation of pharmacogenomic information in the medical record,
working with underserved populations that have not traditionally participated ingenomics
research, and developing guidelines through its Clinical Pharmacogenetics Implementation
Consortium (CPIC) to assist cliniciansin the use of test information.t: 2Complementing this
effort is the Electronic Medical Records and Genomics (EMERGE) network, an NIH-funded
consortium that seeks to integrate clinical datafrom electronic medical records with genetic
samples and eventually incorporate pharmacogenomic findings and genomic medicine into
clinical care3

Pharmaceutical industry

The pharmaceutical industry isincreasingly using pharmacogenomic strategies to identify
patient subgroups with improved benefit-risk profiles. For example, lumiracoxib isa
cyclooxygenase I inhibitor that initially received a non-approvable letter from the FDA due
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to hepatotoxicity.* Novartis has discussed seeking approval for lumiracoxib in combination
with a genetic test to screen for magjor histocompatibility complex (MHC) variants
associated with liver injury. Similarly, arecent study by GlaxoSmithKline investigators has
identified MHC genetic variants associated with liver damage in response to lapatinib,
which is already FDA-approved for the treatment of breast cancer.*Pharmacogenomics of
acquired (i.e., tumor) genomic variation is playing an increasing role in the efficacy of
cancer drugs. The EGFR tyrosine kinase inhibitors erlotinib and gefitinib recently have been
shown to be more effective in patients with non-small cell lung cancer (NSCLC) who have
certain EGFRumor mutations, and Pfizer is developing another drug for NSCLC, crizotinib,
whichis %roj ected to be indicated for 3-5% of patients with an EML4-ALK fusion gene
variation.

Clinicians and patients

The perspectives of clinicians and patients regarding pharmacogenomics continue to evolve.
A recent study reported that patients wanted information about why a pharmacogenomic test
is needed and what the test results mean.® Healthcare professionals, on the other hand,
appeared to focus on both the predictive accuracy and waiting time for a test result.® Several
specialty professional organizations have rel eased guidelines regarding pharmacogenomic
testing. For example, the American Society of Clinical Oncology (ASCO) recommends
KRAS mutation screening for patients with metastatic colorectal carcinomawho are
candidates for anti-EGFR antibody therapy. By contrast the American College of
Cardiology (ACC) Foundation/American Heart Association (AHA) recommends against
routine genetic testing prior to clopidogrel initiation, but suggests that such testing could be
considered in some high risk patients.”

Managed care organizations and benefits managers

Managed care organizations have approached reimbursement for pharmacogenomic testing
on atest-by-test basis. For cases in which a clear and compelling need exists, coverage and
reimbursement usually have been provided; for example for KRAStesting in colon cancer
and gene expression profiling in early stage breast cancer. In contrast, when the clinical
value has yet to be established, such aswithCYP2D6and CYP2C19genotyping array,
reimbursement is not available. Several large pharmacy benefits managers have taken a
proactive role in providing pharmacogenomics services, and in establishing the systems and
evidence base to support their use. These approaches reflect the opportunity to deploy
pharmacogenomic information within existing pharmacy services infrastructures.

Federal government

The federal government plays a central role in the development, evaluation, and regulation
of pharmacogenomics. In addition to the PGRN and eM ERGE research networks, recent
NIH funding requests have focused on the integration of whole exome sequencing
information into clinical practice and a National Center for Advancing Trandlational
Sciences (NCATS) has been proposed with the mandate most likely including devel opment
of pharmacogenomics tools to help fill the drug development pipeline.® Furthermore, major
effortsin comparative effectiveness research (CER) undertaken as part of recent healthcare
reform are directed toward trandlational research in cancer genomics.

Systematic evidence evaluation on pharmacogenomics has been supported by the federal
government through the Agency for Healthcare Research and Quality (AHRQ), the Center
for Medicare and Medicaid Services (CMS), and the CDC’ s Nationa Office of Public
Health Genomics, which established the genomics-focused group EGAPP.10 EGAPP has
made eight recommendations to date, including three on pharmacogenomic tests. CMS
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recently issued a national coverage decision for warfarin pharmacogenomic testing, stating
there is sufficient evidence to support “ coverage with evidence development,” a
classification that pays for testing in an RCT setting.

The FDA hasincreased its efforts to review pharmacogenomics data submitted by drug
companies and has made several notable updatesto drug labels (e.g. warfarin and
clopidogrel) to include pharmacogenomic information. However, the FDA does not require
pharmacogenomic testing for any specific drugs, with the exception of testing for specific
tumor mutations in cancer or viral genotypes. In addition, the FDA recently released a draft
guidance on the use of genomic datain early clinical trials that emphasizes the value of
collecting genetic samples from patients enrolled in studies, which may increase the use of
pharmacogenomics in drug devel opment.

Implications for clinical practice

While use of genomics to guide treatment decisions is becoming more common in oncology,
relatively few tests arein usein other disease areas. Whole-exome assays likely will
introduce a new approach in genomics with the potential for extremely low cost tests on a
per genotype basis, and the possibility of obtaining genomic information before it is needed
clinically. A critical question facing clinicians will be the evidence thresholds for using such
information in practice. There are no uniform evidentiary standards for clinical
implementation, but frameworks have been created by groups such as EGAPP and

CPIC.2 19Clinicians considering a pharmacogenomic test should consider several key
questions.(Table). Most importantly, clinicians should not be early adopters of atest until a
relationship has been established between the test result and drug response, and the findings
have been validated in rigorously conducted studies.

Ultimately clinicians and healthcare systems will have to decide which frameworks are best
suited for their needs. For example, will RCT-level data on safety and efficacy be required,
as for new drugs and biologics? Or will plausible benefit based on mechanisms and indirect
evidence be sufficient, as for drug-drug interactions? The answer will depend on the
specifics of the gene, drug, and disease, but novel decision-making frameworks would be
helpful in resolving conflicting stakeholder perspectives on thisissue. In summary,
clinicians should expect a challenging yet exciting period over the next five years, with a
measured pace of introduction of new pharmacogenomic information and the beginning of a
transition to whole-exome sequencing.

Acknowledgments

We would like to acknowledge valuable comments on an earlier draft of this commentary by Josh Carlson, Michael
Maitland, Dan Roden, Alan Shuldiner, Rachel Tyndale, Liewel Wang, and Russ Wilke. Amber Beitelsheesis
supported by the following grants: UO1HL 105198, U01GM 074492, and K23HL091120. David Veenstrais
supported by the following grants: U18GD000005, PS0HG003374, RC2CA 148570, and UO1GM092676.

References

1. Long RM, Berg JM. What to expect from the Pharmacogenomics Research Network. Clin
Pharmacol Ther. 2011 Mar; 89(3):339-341. [PubMed: 21326260]

2. Relling MV, Klein TE. CPIC: Clinical Pharmacogenetics |mplementation Consortium of the
Pharmacogenomics Research Network. Clin Pharmacol Ther. 2011 Mar; 89(3):464—467. [PubMed:
21270786)

3. Ritchie MD, Denny JC, Crawford DC, et al. Robust replication of genotype-phenotype associations
across multiple diseasesin an electronic medical record. Am JHum Genet. 2010 Apr 9; 86(4):560—
572. [PubMed: 20362271]

JAMA. Author manuscript; availablein PMC 2013 January 30.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Beitelshees and Veenstra

Page 4

4. Alfirevic A, Pirmohamed M. Drug Induced Hypersensitivity and the HLA Complex.

5.

Pharmaceuticals. 2011; 4:69-90.

Dimou A, Harrington K, Syrigos KN. From the bench to bedside: biological and methodol ogy
considerations for the future of companion diagnosticsin nonsmall cell lung cancer. Patholog Res
Int. 2011; 2011:312346. Epub 2011 Jul 18. [PubMed: 21785682]

. Payne K, Fargher EA, Roberts SA, et a. Valuing pharmacogenetic testing services: a comparison of

patients and health care professionals preferences. Vaue Health. 2011 Jan; 14(1):121-134.
[PubMed: 21211494]

7. Allegra CJ, Jessup M, Somerfield MR, et al. American Society of Clinical Oncology provisional

clinical opinion: testing for KRAS gene mutations in patients with metastatic colorectal carcinoma
to predict response to anti-epidermal growth factor receptor monoclonal antibody therapy. J Clin
Oncol. 2009 Apr 20; 27(12):2091-2096. [PubMed: 19188670]

. Holmes DR Jr, Dehmer GJ, Kaul S, Leifer D, O'Gara PT, Stein CM. ACCF/AHA Clopidogrel

clinical aert: approaches to the FDA "boxed warning": areport of the American College of
Cardiology Foundation Task Force on Clinical Expert Consensus Documents and the American
Heart Association. Circulation. 2010 Aug 3; 122(5):537-557. [PubMed: 20585015]

. Collins FS. Reengineering translational science: the timeisright. Sci Transl Med. Jul 6.3(90)

90cm17.

10. Teutsch SM, Bradley LA, Palomaki GE, et a. The Evaluation of Genomic Applicationsin Practice

and Prevention (EGAPP) Initiative: methods of the EGAPP Working Group. Genet Med. 2009
Jan; 11(1):3-14. [PubMed: 18813139]

JAMA. Author manuscript; availablein PMC 2013 January 30.



Page 5

Beitelshees and Veenstra

NIH-PA Author Manuscript

¢Adespy) Bnup BuiAyipow Jo - swikey pue S11jsuaq - SSW02INo Juaied ayl ake ey
£1INSa1 1531 8y} U0 paseq UoI1Je JO 8SIN0J Jeafo e aidyl S|
Juoir|ndod jusired ayy ui Jue LA o1WOUSH 8y} Jo Adusnbal)ayl s YA

CPREEPIEA USB( S}NSal [elliul 8yl a/eH

- N M < W

¢Adesay Bnup 01 asuodsal pue 1nsal 1581 8y usamisg diysuoie el e aeyl S|

1591 91wousBodewreyd e Jo UoIRBPISUCD JOJ ISIPO_BYD

d|geL

NIH-PA Author Manuscript NIH-PA Author Manuscript

JAMA. Author manuscript; availablein PMC 2013 January 30.



